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Jian-Rong Zhang and Ming-Qiu Huang
Department of Physics, National University of Defense Technology, Hunan 410073, China
We perform a systematic study of the masses of charmed and bottom baryons in the framework
of the QCD sum rule approach. Contributions of the operators up to dimension six are included
in operator product expansion. The resulting heavy baryon masses from the calculations are well
consistent with the experimental values, and predictions to the spectroscopy of the unobserved
bottom baryons are also presented.
PACS numbers: 14.20.-c, 11.55.Hx, 12.38.Lg
I. INTRODUCTION
During the past several years there has been tremendous progress in the experimental investigations of
the heavy baryon spectroscopy. With the precise measurement for the mass of Λb by the CDF collaboration
[1], the D0 collaboration proclaimed the observation of Ξb [2], which was quickly confirmed by the CDF
collaboration [3]. The first observations of Σb and Σ
∗
b have been reported by the CDF [4]. The BABAR
collaboration announced the observation of Ω∗c [5] and the production of Ωc from B decays [6]. The Ξc as
well as the excited states of Ξc were set forth by the Belle and the BABAR collaborations [7]. Therefore,
a large amount of experimental data on charmed and bottom baryons has become available.
On the other hand, various theoretical models have been used to study heavy baryon masses, such as
quark models [8, 9], mass formulas [10], and lattice QCD calculations [11]. From QCD sum rules [12],
masses of the heavy baryons were primarily calculated in the heavy-quark limit [13], and subsequently in
the heavy quark effective theory [14, 15, 16]. In Refs. [17], the calculations for the heavy baryons began
with the full theory. Recently the masses of ΞQ and Ω
(∗)
Q were tested in QCD sum rules [18, 19]. Other
renewed works were inspired by the current significant observations continually [20, 21, 22]. Proceeding
from the motivation to evaluate the spectroscopy of the heavy baryons systematically in full QCD, we
shall study mass sum rules for the heavy baryons, with the technique developed in [23, 24]. For the cases
of ΞQ and Ω
(∗)
Q , the interpolating currents utilized in this work are not entirely the same as the ones used
in Refs [18, 19].
The paper is organized as follows. In Sec II, QCD sum rules for the heavy baryons are derived. Section
III contains numerical analysis, a brief summary, and some discussions.
II. QCD SUM RULES FOR THE HEAVY BARYONS
It is of interest to apply the QCD sum rule to study the heavy baryons composed of a heavy quark
(Q = c, b) and two light (u, d, or s) quarks. The basic point is to choose the suitable interpolating current.
For the ground states, the currents are correlated with the spin-parity quantum numbers JPℓℓ = 0
+ and
JPℓℓ = 1
+ for the light diquark system, along with the heavy quark forming the state with JP = 12
+
and
the pair of degenerate states with JP = 12
+
and JP = 32
+
, which may determine the choice of Γk and Γ
′
k
matrices in baryonic currents [13]. For the Γ
′
k matrices for the excited baryons with I(J
P ) = 0(12
−
), it
might be referred to the current of the heavy-light vector meson [25]. For the baryons with J = 32 , the
currents may be gained from those of baryons with J = 12 using SU(3) symmetry relations [26]. Thus, the
following forms of currents are adopted [13, 17, 25, 26, 27]:
jΛ1Q = εabc(q
T
1aCΓkq2b)Γ
′
kQc,
2jΛ∗
1Q
= εabc[
2√
3
(qT1aCΓkQb)Γ
′
kq2c +
1√
3
(qT1aCΓkq2b)Γ
′
kQc],
jΞQ = εabc(q
T
1aCΓksb)Γ
′
kQc,
jΞ′
Q
= εabc(q
T
1aCΓksb)Γ
′
kQc,
jΞ′∗
Q
= εabc[
2√
3
(qT1aCΓkQb)Γ
′
ksc +
1√
3
(qT1aCΓksb)Γ
′
kQc], (1)
jΞ1Q = εabc(q
T
1aCΓksb)Γ
′
kQc,
jΞ∗
1Q
= εabc[
2√
3
(qT1aCΓkQb)Γ
′
ksc +
1√
3
(qT1aCΓksb)Γ
′
kQc],
jΩQ = εabc(s
T
aCΓksb)Γ
′
kQc,
jΩ∗
Q
= εabc[
2√
3
(sTaCΓkQb)Γ
′
ksc +
1√
3
(sTaCΓksb)Γ
′
kQc].
Here the index T means matrix transposition, C is the charge conjugation matrix, a, b, c are color indices,
and q1, q2 are u or d depending on the concrete quark contents of the corresponding heavy baryons. The
choice of Γk and Γ
′
k matrices are shown in TABLE I.
TABLE I: The choice of Γk and Γ
′
k matrices in baryonic currents
State (quark content) JP Sℓ Lℓ J
Pℓ
ℓ Γk Γ
′
k
ΞQ(qsQ)
1
2
+
0 0 0+ γ5 1
ΩQ(ssQ), Ξ
′
Q(qsQ)
1
2
+
1 0 1+ γµ γµγ5
Ω∗Q(ssQ), Ξ
′
∗
Q (qsQ)
3
2
+
1 0 1+ γµ γµγ5
Λ1Q(qqQ), Ξ1Q(qsQ)
1
2
−
0 1 1− γ5 γµ
Λ∗1Q(qqQ), Ξ
∗
1Q(qsQ)
3
2
−
0 1 1− γ5 γµ
The QCD sum rules for the heavy baryons are constructed from the two-point correlation function
Π(q2) = i
∫
d4xeiq.x〈0|T [j(x)j(0)]|0〉. (2)
Lorentz covariance implies that the two-point correlation function has the form
Π(q2) = Π1(q
2) + /qΠ2(q
2). (3)
For each invariant function Π1 and Π2, a sum rule can be obtained, which is shown below. Phenomeno-
logically, the correlator can be expressed as a dispersion integral over a physical spectral function
Π(q2) = λ2H
/q +MH
M2H − q2
+
1
pi
∫ ∞
s0
ds
ImΠphen(s)
s− q2 + subtractions, (4)
where MH denotes the mass of the heavy baryon. In obtaining the above expression, the Dirac and
Rarita-Schwinger spinor sums
∑
s
N(q, s)N¯(q, s) = /q +MH , (5)
for spin- 12 baryon, and
∑
s
Nµ(q, s)N¯ν(q, s) = (/q +MH)(gµν − 1
3
γµγν +
qµγν − qνγµ
3MH
− 2qµqν
3M2H
), (6)
for spin- 32 baryon have been used. In the operator product expansion (OPE) side, short-distance effects are
given by Wilson coefficients, while long-distance confinement effects are attributed to power corrections
3and parameterized in terms of vacuum condensates. Hence
Πi(q
2) = Π
pert
i (q
2) + Πcondi (q
2), i = 1, 2. (7)
We work at leading order in αs and consider condensates up to dimension six. The strange quark is dealt
as a light one and the diagrams are considered up to order ms. To keep the heavy-quark mass finite,
the momentum-space expression for the heavy-quark propagator is used. We follow Refs. [23, 24] and
calculate the light-quark part of the correlation function in the coordinate space, which is then Fourier-
transformed to the momentum space in D dimension. The resulting light-quark part is combined with the
heavy-quark part before it is dimensionally regularized at D = 4. For the heavy-quark propagator with
two and three gluons attached, the momentum-space expressions given in Ref. [25] are used. With Eq.
(7), the correlation function in the OPE side in terms of a dispersion relation can be written as
Πi(q
2) =
∫ ∞
m2
Q
ds
ρi(s)
s− q2 +Π
cond
i (q
2), (8)
where the spectral density is given by the imaginary part of the correlation function
ρi(s) =
1
pi
ImΠOPEi (s). (9)
After equating the two expressions for Π(q2), assuming quark-hadron duality, and making a Borel trans-
form, the sum rules can be written as
λ2HMHe
−M2H/M
2
=
∫ s0
m2
Q
dsρ1(s)e
−s/M2 + BˆΠcond1 , (10)
λ2He
−M2H/M
2
=
∫ s0
m2
Q
dsρ2(s)e
−s/M2 + BˆΠcond2 . (11)
To eliminate the baryon coupling constant λH and extract the MH , first take the derivative of Eq. (10)
with respect to − 1M2 , divide the result by Eq. (10) itself, and similarly deal with Eq. (11) to yield
M2H = {
∫ s0
m2
Q
dsρ1(s)se
−s/M2 + d/d(− 1
M2
)BˆΠcond1 (s)}/{
∫ s0
m2
Q
dsρ1(s)e
−s/M2 + BˆΠcond1 (s)}, (12)
M2H = {
∫ s0
m2
Q
dsρ2(s)se
−s/M2 + d/d(− 1
M2
)BˆΠcond2 (s)}/{
∫ s0
m2
Q
dsρ2(s)e
−s/M2 + BˆΠcond2 (s)}, (13)
where
ρi(s) = ρ
pert
i (s) + ρ
〈q¯q〉
i (s) + ρ
〈s¯s〉
i (s) + ρ
〈G2〉
i (s), (14)
with
ρ
pert
1 (s) =
3
25pi4
mQ
∫ 1
Λ
dα(
1 − α
α
)2(m2Q − sα)2, (15)
ρ
〈G2〉
1 (s) =
〈g2G2〉
27pi4
mQ
∫ 1
Λ
dα[(
1 − α
α
)2 + 2], (16)
BˆΠcond1 = −
〈g2G2〉
3 · 27pi4m
3
Q
∫ 1
0
dα
(1 − α)2
α3
e−m
2
Q/(αM
2)
+
2〈q¯q〉2
3
mQe
−m2Q/M
2
4− 〈g
3G3〉
3 · 28pi4mQ
∫ 1
0
dα
(1 − α)2
α3
(3− m
2
Q
αM2
)e−m
2
Q/(αM
2), (17)
ρ
pert
2 (s) = −
3
26pi4
∫ 1
Λ
dα
(1− α)2
α
(m2Q − sα)2, (18)
ρ
〈G2〉
2 (s) = −
〈g2G2〉
28pi4
[1− (m
2
Q
s
)2], (19)
BˆΠcond2 =
〈g2G2〉
3 · 28pi4m
2
Q
∫ 1
0
dα(
1 − α
α
)2e−m
2
Q/(αM
2)
− 〈q¯q〉
2
3
e−m
2
Q/M
2
+
〈g3G3〉
3 · 210pi4
∫ 1
0
dα(
1 − α
α
)2(1− 2m
2
Q
αM2
)e−m
2
Q/(αM
2), (20)
for Λ1Q baryons,
ρ
pert
1 (s) =
1
25pi4
mQ
∫ 1
Λ
dα(
1 − α
α
)2(m2Q − sα)2, (21)
ρ
〈q¯q〉
1 (s) =
2
3pi2
〈q¯q〉
∫ 1
Λ
dα(m2Q − sα), (22)
ρ
〈G2〉
1 (s) =
〈g2G2〉
3 · 27pi4mQ
∫ 1
Λ
dα[(
1 − α
α
)2 + 2], (23)
BˆΠcond1 = −
〈g2G2〉
32 · 27pi4m
3
Q
∫ 1
0
dα
(1 − α)2
α3
e−m
2
Q/(αM
2)
+
5 · 2〈q¯q〉2
32
mQe
−m2Q/M
2
− 〈g
3G3〉
32 · 28pi4mQ
∫ 1
0
dα
(1 − α)2
α3
(3 − m
2
Q
αM2
)e−m
2
Q/(αM
2), (24)
ρ
pert
2 (s) =
1
26pi4
∫ 1
Λ
dα
(1 − α)2(1− 3α)
α2
(m2Q − sα)2, (25)
ρ
〈q¯q〉
2 (s) =
〈q¯q〉
3 · 2pi2mQ(1−
m2Q
s
)2, (26)
ρ
〈G2〉
2 (s) =
〈g2G2〉
3 · 27pi4 [−
1
2
+
(m2Q/s)
2
2
+
∫ 1
Λ
dα(α − 1)(m2Q − sα)], (27)
BˆΠcond2 = −
〈g2G2〉
32 · 28pi4m
2
Q
∫ 1
0
dα
(1 − α)2(1− 3α)
α3
e−m
2
Q/(αM
2)
− 〈gq¯σ ·Gq〉
3 · 22pi2 mQ
∫ 1
0
dαe−m
2
Q/(αM
2)
− 〈q¯q〉
2
32
e−m
2
Q/M
2
− 〈g
3G3〉
32 · 210pi4
∫ 1
0
dα
1 − α
α4
[α(1 − 4α+ 9α2)− 2(1− 4α+ 5α2)m
2
Q
M2
]e−m
2
Q/(αM
2), (28)
for Λ∗1Q baryons,
ρ
pert
1 (s) =
3
27pi4
mQ
∫ 1
Λ
dα(
1 − α
α
)2(m2Q − sα)2, (29)
ρ
〈q¯q〉
1 (s) = −
〈q¯q〉
23pi2
msmQ(1−
m2Q
s
), (30)
ρ
〈s¯s〉
1 (s) =
〈s¯s〉
24pi2
msmQ(1−
m2Q
s
), (31)
5ρ
〈G2〉
1 (s) =
〈g2G2〉
29pi4
mQ
∫ 1
Λ
dα[(
1 − α
α
)2 + 2], (32)
BˆΠcond1 = −
〈g2G2〉
3 · 29pi4m
3
Q
∫ 1
0
dα
(1 − α)2
α3
e−m
2
Q/(αM
2)
+
〈gq¯σ ·Gq〉
25pi2
msmQe
−m2Q/M
2
+
〈gs¯σ ·Gs〉
3 · 24pi2 msmQe
−m2Q/M
2
+
〈q¯q〉〈s¯s〉
6
mQe
−m2Q/M
2
− 〈g
3G3〉
3 · 210pi4mQ
∫ 1
0
dα
(1 − α)2
α3
(3− m
2
Q
αM2
)e−m
2
Q/(αM
2), (33)
ρ
pert
2 (s) =
3
27pi4
∫ 1
Λ
dα
(1 − α)2
α
(m2Q − sα)2, (34)
ρ
〈q¯q〉
2 (s) = −
〈q¯q〉
24pi2
ms[1− (
m2Q
s
)2], (35)
ρ
〈s¯s〉
2 (s) =
〈s¯s〉
25pi2
ms[1− (
m2Q
s
)2], (36)
ρ
〈G2〉
2 (s) =
〈g2G2〉
29pi4
[1− (m
2
Q
s
)2], (37)
BˆΠcond2 = −
〈g2G2〉
3 · 29pi4m
2
Q
∫ 1
0
dα(
1 − α
α
)2e−m
2
Q/(αM
2)
+
〈gq¯σ ·Gq〉
25pi2
mse
−m2Q/M
2
+
〈gs¯σ ·Gs〉
3 · 24pi2 mse
−m2Q/M
2
+
〈q¯q〉〈s¯s〉
6
e−m
2
Q/M
2
− 〈g
3G3〉
3 · 211pi4
∫ 1
0
dα(
1 − α
α
)2(1− 2m
2
Q
αM2
)e−m
2
Q/(αM
2), (38)
for ΞQ baryons,
ρ
pert
1 (s) =
3
24pi4
mQ
∫ 1
Λ
dα(
1 − α
α
)2(m2Q − sα)2, (39)
ρ
〈q¯q〉
1 (s) = −
2〈q¯q〉
pi2
msmQ(1−
m2Q
s
), (40)
ρ
〈s¯s〉
1 (s) =
〈s¯s〉
2pi2
msmQ(1−
m2Q
s
), (41)
ρ
〈G2〉
1 (s) =
〈g2G2〉
26pi4
mQ
∫ 1
Λ
dα[(
1 − α
α
)2 − 2], (42)
BˆΠcond1 = −
〈g2G2〉
3 · 26pi4m
3
Q
∫ 1
0
dα
(1 − α)2
α3
e−m
2
Q/(αM
2)
+
〈gq¯σ ·Gq〉
2pi2
msmQe
−m2Q/M
2
− 〈gs¯σ ·Gs〉
3pi2
msmQe
−m2Q/M
2
+
8〈q¯q〉〈s¯s〉
3
mQe
−m2Q/M
2
− 〈g
3G3〉
3 · 27pi4mQ
∫ 1
0
dα
(1 − α)2
α3
(3− m
2
Q
αM2
)e−m
2
Q/(αM
2), (43)
6ρ
pert
2 (s) =
3
25pi4
∫ 1
Λ
dα
(1 − α)2
α
(m2Q − sα)2, (44)
ρ
〈q¯q〉
2 (s) = −
〈q¯q〉
2pi2
ms[1− (
m2Q
s
)2], (45)
ρ
〈s¯s〉
2 (s) =
〈s¯s〉
23pi2
ms[1− (
m2Q
s
)2], (46)
ρ
〈G2〉
2 (s) = −
〈g2G2〉
27pi4
[1− (m
2
Q
s
)2], (47)
BˆΠcond2 = −
〈g2G2〉
3 · 27pi4m
2
Q
∫ 1
0
dα(
1 − α
α
)2e−m
2
Q/(αM
2)
+
〈gq¯σ ·Gq〉
22pi2
mse
−m2Q/M
2
− 〈gs¯σ ·Gs〉
3 · 2pi2 mse
−m2Q/M
2
+
4〈q¯q〉〈s¯s〉
3
e−m
2
Q/M
2
− 〈g
3G3〉
3 · 29pi4
∫ 1
0
dα(
1 − α
α
)2(1− 2m
2
Q
αM2
)e−m
2
Q/(αM
2), (48)
for Ξ
′
Q baryons,
ρ
pert
1 (s) =
1
24pi4
mQ
∫ 1
Λ
dα(
1 − α
α
)2(m2Q − sα)2 +
1
2pi4
ms
∫ 1
Λ
dα
1 − α
α
(m2Q − sα)2, (49)
ρ
〈q¯q〉
1 (s) = −
10〈q¯q〉
3pi2
msmQ(1−
m2Q
s
), (50)
ρ
〈s¯s〉
1 (s) =
22〈s¯s〉
3pi2
∫ 1
Λ
dα(m2Q − sα) +
〈s¯s〉
3 · 2pi2msmQ(1 −
m2Q
s
), (51)
ρ
〈G2〉
1 (s) =
〈g2G2〉
3 · 26pi4mQ
∫ 1
Λ
dα[(
1 − α
α
)2 − 2]− 〈g
2G2〉
3 · 23pi4ms
∫ 1
Λ
dα(m2Q − sα), (52)
BˆΠcond1 = −
〈g2G2〉
32 · 26pi4m
3
Q
∫ 1
0
dα
(1 − α)2
α3
e−m
2
Q/(αM
2)
− 〈g
2G2〉
32 · 23pi4msm
2
Q
∫ 1
0
dα
1 − α
α2
e−m
2
Q/(αM
2)
+
5〈gq¯σ ·Gq〉
6pi2
msmQe
−m2Q/M
2
− 〈gs¯σ ·Gs〉
32pi2
msmQe
−m2Q/M
2
+
5 · 23〈q¯q〉〈s¯s〉
32
mQe
−m2Q/M
2
− 〈g
3G3〉
32 · 27pi4mQ
∫ 1
0
dα
(1 − α)2
α3
(3− m
2
Q
αM2
)e−m
2
Q/(αM
2)
− 〈g
3G3〉
32 · 25pi4ms
∫ 1
0
dα
1
α2
[(1 + 2α)− 2m
2
Q
αM2
]e−m
2
Q/(αM
2), (53)
ρ
pert
2 (s) = −
1
25pi4
∫ 1
Λ
dα(
1 − α
α
)2(1− 3α)(m2Q − sα)2, (54)
ρ
〈q¯q〉
2 (s) = −
2〈q¯q〉
3pi2
mQ(1 −
m2Q
s
)2 − 〈q¯q〉
3 · 2pi2ms[1− (
m2Q
s
)2], (55)
ρ
〈s¯s〉
2 (s) =
〈s¯s〉
3 · 22pi2ms
∫ 1
Λ
dα(3 − α), (56)
7ρ
〈G2〉
2 (s) =
〈g2G2〉
3 · 26pi4 [−
1
2
+
(m2Q/s)
2
2
+
∫ 1
Λ
dα(α− 1)(m2Q − sα)], (57)
BˆΠcond2 =
〈g2G2〉
32 · 27pi4m
2
Q
∫ 1
0
dα
(1− α)2(1 − 3α)
α3
e−m
2
Q/(αM
2)
+
〈gq¯σ ·Gq〉
3pi2
mQ
∫ 1
0
dαe−m
2
Q/(αM
2)
+
〈gq¯σ ·Gq〉
3 · 22pi2 mse
−m2Q/M
2
− 〈gs¯σ ·Gs〉
3 · 22pi2 ms
∫ 1
0
dαe−m
2
Q/(αM
2)
− 〈gs¯σ ·Gs〉
32 · 2pi2 mse
−m2Q/M
2
+
4〈q¯q〉〈s¯s〉
32
(1 − 2msmQ
M2
)e−m
2
Q/M
2
+
〈g3G3〉
32 · 29pi4
∫ 1
0
dα
1− α
α4
[α(1− 4α− 3α2)− 2(1− 4α+ α2)m
2
Q
M2
]e−m
2
Q/(αM
2), (58)
for Ξ
′∗
Q baryons,
ρ
pert
1 (s) =
3
25pi4
mQ
∫ 1
Λ
dα(
1 − α
α
)2(m2Q − sα)2, (59)
ρ
〈q¯q〉
1 (s) = −
〈q¯q〉
2pi2
msmQ(1−
m2Q
s
), (60)
ρ
〈s¯s〉
1 (s) =
〈s¯s〉
22pi2
msmQ(1−
m2Q
s
), (61)
ρ
〈G2〉
1 (s) =
〈g2G2〉
27pi4
mQ
∫ 1
Λ
dα[(
1 − α
α
)2 + 2], (62)
BˆΠcond1 = −
〈g2G2〉
3 · 27pi4m
3
Q
∫ 1
0
dα
(1 − α)2
α3
e−m
2
Q/(αM
2)
+
〈gq¯σ ·Gq〉
23pi2
msmQe
−m2Q/M
2
+
〈gs¯σ ·Gs〉
3 · 22pi2 msmQe
−m2Q/M
2
+
2〈q¯q〉〈s¯s〉
3
mQe
−m2Q/M
2
− 〈g
3G3〉
3 · 28pi4mQ
∫ 1
0
dα
(1 − α)2
α3
(3− m
2
Q
αM2
)e−m
2
Q/(αM
2), (63)
ρ
pert
2 (s) = −
3
26pi4
∫ 1
Λ
dα
(1− α)2
α
(m2Q − sα)2, (64)
ρ
〈q¯q〉
2 (s) =
〈q¯q〉
23pi2
ms[1− (
m2Q
s
)2], (65)
ρ
〈s¯s〉
2 (s) = −
〈s¯s〉
24pi2
ms[1− (
m2Q
s
)2], (66)
ρ
〈G2〉
2 (s) = −
〈g2G2〉
28pi4
[1− (m
2
Q
s
)2], (67)
BˆΠcond2 =
〈g2G2〉
3 · 28pi4m
2
Q
∫ 1
0
dα(
1 − α
α
)2e−m
2
Q/(αM
2)
− 〈gq¯σ ·Gq〉
24pi2
mse
−m2Q/M
2
− 〈gs¯σ ·Gs〉
3 · 23pi2 mse
−m2Q/M
2
8− 〈q¯q〉〈s¯s〉
3
e−m
2
Q/M
2
+
〈g3G3〉
3 · 210pi4
∫ 1
0
dα(
1 − α
α
)2(1− 2m
2
Q
αM2
)e−m
2
Q/(αM
2), (68)
for Ξ1Q baryons,
ρ
pert
1 (s) =
1
25pi4
mQ
∫ 1
Λ
dα(
1 − α
α
)2(m2Q − sα)2 +
1
22pi4
ms
∫ 1
Λ
dα
1 − α
α
(m2Q − sα)2, (69)
ρ
〈q¯q〉
1 (s) = −
5〈q¯q〉
3 · 2pi2msmQ(1−
m2Q
s
), (70)
ρ
〈s¯s〉
1 (s) =
2〈s¯s〉
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for Ω∗Q baryons. The lower limit of integration is given by Λ = m
2
Q/s.
III. NUMERICAL RESULTS AND DISCUSSIONS
In the numerical analysis, the input values are taken as mc = 1.25±0.09 GeV,mb = 4.20±0.07 GeV [28]
with ms = 0.13 GeV, 〈q¯q〉 = −(0.23)3 GeV3, 〈s¯s〉 = 0.8〈q¯q〉, 〈gq¯σ ·Gq〉 = m20〈q¯q〉,m20 = 0.8 GeV2, 〈g2G2〉 =
0.5 GeV4, and 〈g3G3〉 = 0.045 GeV6 [24]. The proper ranges of the thresholds can be determined, to
which the stability of the Borel curves should not be sensitive. The Borel windows are fixed in this
way: the lower limit constraint for M2 is obtained from the condition that the perturbative contribution
should be larger than the condensate contributions while the upper one is got by the pole contribution
larger than the continuum contribution [29]. Giving an illustration, the comparison between pole and
continuum contributions from Eq. (12) for
√
s0 = 3.4 GeV for Ωc is shown in Fig. 1(a), and its OPE
convergence by comparing the different contributions is shown in Fig. 1(b). The analysis for the others
has similarly been done, but the corresponding figures are not listed to keep the paper from being too
lengthy. Accordingly, the threshold are taken as those values exhibited in corresponding figures, and Borel
windows are M2 = 1.5 ∼ 3.0 GeV2 and 4.5 ∼ 6.0 GeV2 for charmed and bottom baryons, respectively.
The Borel curves for the dependence on M2 of the heavy baryon masses are shown in Figs. 2-6. In Table
II, we present our results for the masses of the heavy baryons and compare with experimental data and
other theoretical approaches. In the numerical evaluation, the results gained from the two sum rules have
been averaged to decrease the systematic errors. It is worth noting that the uncertainty in the results are
merely owing to Borel windows, not involving the ones rooting in the variation of the quark masses and
11
QCD parameters.
In conclusion, we have employed the QCD sum rule approach to calculate the masses of charmed and
bottom baryons including the contributions of the operators up to dimension six in OPE. The final results
extracted from the sum rules are well compatible with the existing experimental data. Predictions to the
spectroscopy of the unobserved bottom baryons are also presented. Although there has been enormous
progress in experimental aspects and many theoretical works have been done for the heavy baryons, plenty
of problems are desiderated to resolve. It is worth elucidating that most of the JP quantum numbers for
the heavy baryons have not been determined experimentally, but are assigned by PDG on the basis of
quark model predictions, which are waiting for experimental identification, especially for several higher
excited states. More data on bottom baryons are earnestly expected by putting into operation the Large
Hadron Collider, which may supply a gap of experimental data in the near future. From the theoretical
point of view, it might be meaningful to reanalyze the QCD sum rules in full theory for the heavy baryons,
taking into account the QCD O(αs) corrections to improve the results, which are not involved in this work.
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FIG. 1: In (a), the dashed line shows the relative pole contribution (the pole contribution divided by the total,
pole plus continuum contribution) and the solid line shows the relative continuum contribution from Eq. (12) for√
s0 = 3.4 GeV for Ωc. Its OPE convergence is shown in (b) by comparing the perturbative, quark condensate,
two-gluon condensate, three-gluon condensate, and mixed condensate contributions.
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FIG. 2: The dependence on M2 for the masses of Λ1c, Λ
∗
1c, Λ1b, and Λ
∗
1b. The continuum thresholds are orderly
taken as
√
s0 = 3.1 ∼ 3.3 GeV, √s0 = 3.2 ∼ 3.4 GeV, √s0 = 6.5 ∼ 6.7 GeV, and √s0 = 6.6 ∼ 6.8 GeV. (a) and
(c) are from the sum rule (12), (b) and (d) from the sum rule (13).
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1 1.5 2 2.5 3 3.51.5
2
2.5
3
3.5
M2(GeV2)
M
H
(G
eV
)
(a) 3.1GeV
3.2GeV
3.3GeV
1 1.5 2 2.5 3 3.51.5
2
2.5
3
3.5
M2(GeV2)
M
H
(G
eV
)
(b) 3.1GeV
3.2GeV
3.3GeV
1 1.5 2 2.5 3 3.51.5
2
2.5
3
3.5
M2(GeV2)
M
H
(G
eV
)
(c) 3.2GeV
3.3GeV
3.4GeV
1 1.5 2 2.5 3 3.52
2.5
3
3.5
M2(GeV2)
M
H
(G
eV
)
(d) 3.2GeV
3.3GeV
3.4GeV
4 4.5 5 5.5 6 6.55
5.5
6
6.5
M2(GeV2)
M
H
(G
eV
)
(a) 6.6GeV
6.7GeV
6.8GeV
4 4.5 5 5.5 6 6.55
5.5
6
6.5
M2(GeV2)
M
H
(G
eV
)
(b) 6.6GeV
6.7GeV
6.8GeV
4 4.5 5 5.5 6 6.55
5.5
6
6.5
M2(GeV2)
M
H
(G
eV
)
(c) 6.6GeV
6.7GeV
6.8GeV
4 4.5 5 5.5 6 6.55
5.5
6
6.5
M2(GeV2)
M
H
(G
eV
)
(d) 6.6GeV
6.7GeV
6.8GeV
FIG. 4: The dependence on M2 for the masses of Ξ
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TABLE II: The mass spectra of charmed and bottom baryons (mass in unit of MeV except for “Our works”)
Baryon JP Sℓ Lℓ J
Pℓ
ℓ Experiment Our works (GeV) Refs. [8] Ref.[10] Ref.[11] Ref.[21]
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2
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